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Ưű 
Ƥȓ        3ɗ 
ɨȄǈ       6ɗ 
ɨƳƾǣŘ       8ɗ 
	ɨƳƾƯƭ       11ɗ 

ɨƳƾŐŽ       12ɗ 
ɨƳƾǎţ       25ɗ 
ɨǝč       36ɗ 
ɨǎȖ       42ɗ 
ɨȘȪ       43ɗ 
ɨÖǝŎƚ       44ɗ 
ɨìȔŕ       50ɗ 
ɨì        55ɗ 
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Ƥȓ 
ABMi:  autologous bone marrow infusion 
AST:  aspartate aminotransferase  
ALT:  alanine aminotransferase  
α-FP:  alpha fetoprotein 
α -SMA:  alpha-smooth muscle actin 
α 1-AT:  alpha 1-anti Trypsin 
BMSC:  bone marrow-derived mesenchymal stem cell 
BSA:  bovine serum albumin 
CCl4:  carbon tetrachloride 
CK:  cytokeratin 
CYP1A2: Cytochrome P450, family1, subfamilyA, polypeptide2 
DAPI:  4’, 6-diamidino-2-phenylindole 
EDTA:  ethylenediaminetetraacetic acid 
FACS:  Fluorescence-activated cell sorter 
FBS:  fetal bovine serum 
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FGF-4:  fibroblast growth factor-4 
FISH:  Fluorescence in situ hybridization 
FITC:  fluorescein isothiocyanate 
Glc-6-Pase: glucose-6-phosphatase 
HB-EGF: heparin-binding EGF-like growth factor 
HGF:  hepatocyte growth factor 
HRP:  Horse-radish peroxidase 
IL-6:  interleukin-6 
M-cluster: Muse cell-derived cluster 
MMP:  matrix metalloproteinase 
MSC:  mesenchymal stem cell 
Muse:  Multilineage-differentiating stress-enduring 
PAGE:  polyacrylamide gel electrophoresis 
PBS:  phosphate buffered saline  
PFA:  paraformaldehyde 
poly-HEMA: poly 2-hydroxyethyl methacrylate 
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PVDF:  polyvinylidene difluoride membrane 
RT-PCR: reverse transcription polymerase chain reaction 
SCID:  Severe combined immunodeficiency 
SDS:  Sodium Dodecyl Sulfate 
SSEA-3:  stage-specific embryonic antigen-3 
TGF-α:  transforming growth factor alpha 
TIMP:  tissue inhibitor of metalloproteinase 
TNF:  tumor necrosis factor 
VEGF:  vascular endothelial growth factor 
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ɨȄŔ 
 ɃǹǇğǊǦ6ɧƟ¶4ăï#Ć´ĳɢ·ƟÎƪ5½Ⱦ0ǵĠıơ
Ĕɂ!H/GǊǦ0GɨɃǹǇğǊǦ5ǥǹKȤ* 3 ǥǹĳǊǦ:5½
Ë ǧ  ž Ư ! H /  *  ɧ  5 ý ŭ 3 ½ Ë ǧ K Ȕ ŕ % G
Multilineage-differentiating stress-enduring (Muse)ǊǦƫȅ!H*ɨMuse5 
ǊǦ6ɃǹǇğǊǦ4ß>HG 3 ǥǹĳǊǦ:5½ËKƷ%ýǧĳğǊǦ0
FɧŒă5ýǧĳğǊǦ1ƥ3FǮƩË#31ƒ0ɧDFǊǦƺŪżƪ
4ȵ#/G1ǝEHGɨǠ´6ŨżƪŽǠƺŪ#3Ƿųƭ3ƧĶ
0FɧřƪŽŜ>H/GɨMuseǊǦƺŪǠ´:5ŏ*3żƪŽ1
3GÚǧĳG1ǝɧyQ`ǠɌĊ}iKơpj Muse ǊǦƺŪ5É10 
ţKȏ%G 1KƯƭ1#*ɨ 
 Ðɐ#* Muse ǊǦEǶƫƭ½Ë#*ǊǦKǠǊǦǇyU5±ƦǊǦ
ËĄ0ȏ#ɧMuseǊǦǠǊǦǇ:½Ë%G 1KƵȑ#*ɨ>*ɧin vitro
4GMuseǊǦ5ȰȡǧȐɟ1 in vivo05¶ÊĶĈɟEɧMuseǊǦ
6ɌĊǠ:5ɢȰȡǧKś#/G 1Ʒ!H*ɨyQ`ĲĳǠƐ}i15 
4Ď#/ɧMuse ǊǦKɈ*ɃǹǇğǊǦɥnon-Muse ǊǦɦKĎƕ1#/
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MuseǊǦƺŪKǾ,*1 Iɧ±ƦǌǘËĄ4/ɧnon-MuseǊǦƺŪǜ
4Ź; Muse ǊǦƺŪǜ0ý5ƺŪǊǦ5ƟƲKȑ@ɧǠǊǦyUɊĳ
ǊǦ:5½ËƵȑ!H*ɨyQ`ǠǗǓË}i:5ƺŪĈɟ06ɧǽƉǕ
qq¤Nsz¤6 Muse ǊǦƺŪǜ0Ŋåȑ@EH*ɨ>*Ǡ
ǗǓËɕƽA Muse ǊǦƺŪǜ0ƙđË#/*ɨ±ƦǌǘËĄ06 Muse Ǌ5 
ǦƺŪǜ0DFý5ƺŪǊǦ5ƟƲD9ǠǊǦyUɊĳǊǦ:5½Ë
Ƶȑ!H*ɨ!E4ƟƲ#*MuseǊǦ46 cell fusion3½Ë#/GA
5FɧMuseǊǦƺŪKǾ,*yQ`5ǠǴ05?ɧpjƘƥƭĹƖǠǊǦ
yU5ȷĂƫƜ?EH* 1Eɧpj Muse ǊǦ5ưņƭ3pjǠ
ǊǦ:5½ËƷã!H*ɨ 10 
 Muse ǊǦ6ǠǊǦǇ:5½ËAƷ%ǊǦ0FɧɌĊǠ:5ȰȡǧAɢɧ
´ȧľ4DGǊǦƺŪ4ȵ#/G1ǝEH*ɨyQ`4Ď%GƺŪĈɟ
4/AÉƛƭ3ƟƲ½ËƵȑ!HɧƘ4ǠǗǓË}i4/6p
jMuseǊǦ5pjǠǊǦ:5ưņƭ3½Ë4DGǠŰǧŊåÉţƷ!H*ɨ
 HE5 1EɧMuseǊǦƺŪǠ´5ŏ*3żƪŽ43G1ǝEH*ɨ15 
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ɨƳƾǣŘ 
 Ǡ´6ĲĳǠ´1ķĳǠ´14½ɜ!HɧĲĳǠ´6ǻÃĳG
6QP`ĳǠƐ4Ȣé%GºíǧƥěǠĳǪƨǛƧŝɃ 24ȯ¶0Ƙį
.EHGƧĶ0Fɧ(5ŨżƪŽ6ǠƺŪ5?0G 1ɨŐɧķĳǠ´
6ɧ4QP`ĳǠƐ32!>">3Űġ5ǠɌĊǙFȫ!HG 14D5 
FĴȢ!HGǠƴû4Ȣé%GɨǠƴû6ɧ81*9ɔ­ĳǠƴû13G1
(5ŨżƪŽ6ǠƺŪ5?0FɧǠƴû4Ȣé%GųǞ6´ƣ4/ŷ
Ğ 10045=G 2ɨŐɧŨŞƭ3żƪŽ0GǠƺŪ6ɧklǴæ
ȥȱþ ȃɢɚÎƪȜłǐ×ı32ý5äəKŀ/Gɨ(HC
ɧǠƺŪ4řJGŏ#żƪŽ5ƵƿŜ>H/FɧǊǦƺŪ6(5-10 
5£Ȁ1!Hɧ!>">3ǊǦƼ0ƳƾǾJH/G 3-7ɨ 
 ɃǹǇğǊǦɥmesenchymal stem cell; MSCɦ6ɠɡɧǨǡɧƮǱ32E
ċŖ4ŅØ0ɧ ýŭ3½ËǧBǶĘȂȁǧ325ƘįKń-ğǊǦ0Gɧ
ǮƩĳ¥Ɲƭ3äə3Ć´0G*@ɧ!>">3ƧĶ4Ď#/ôƶƳ
ƾǵĠƳƾǾJH/G 8, 9ɨ0AɠɡƢŠMSCɥbone marrow-derived 15 
MSC; BMSCɦ6!>">3ÊƗƼ5ǠɌĊ}iKơ/ūȎ!H/* 10-15ɨ 
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BMSC 6ɠɡƇEÐ4ņƲĳ5ǊǦ1#/ŅØ!H*ǊǦ0Fɧñ3Ǌ
Ǧ0ŬĹ!H/E&ɧýħ3ǊǦ5ɏê0Gɨī,/ɧBMSC 5A*E%
ơAýɕƭ0Fɧ\PjUP4DGÉţɧƐƨNxj^`ĽÁÉţɧ
ƟƲ½Ë4DG·ƟÉţ32ýĖ4J*G 16-19ɨ HE50ɧ·ƟÉţ6ÿ
JH*ǠǊǦKȀ°%GA50FɧǠŰǧèĭKA*E%ŨŞżƪ4-35 
G1ǝEHGɨ##Ĉɋ4ƺŪ!H* BMSC5ǠǴ:5ƟƲƛ6·Ɵ
ÉţAÆƭ03*@4śÉ3żƪ4-3,/3ɨA#Ć´ĳ5ɢ
BMSC 5EǠǴ4Éƛƭ4ƟƲ#Űǧƭ3ǠǊǦ4½Ë%GǊǦÝć0
H7ɧƜïőǾ!H/GǠɌĊ4Ď%G BMSCƺŪ5·ƟÉţKɝȦƭ4
Þ!'G 10G1ǝEHGɨ 10 
 MSC5ýŭ3½ËKȔŕ%GMultilineage-differentiating stress-enduring 
ǊǦɥMuseǊǦɦ1ýǧĳğǊǦƫȅ!Hõà!H* 20-23ɨMuseǊǦ
6 MSC 5Ōobj4Ʊĥ#ɧýǧĳyU0G stage-specific 
embryonic antigen-3 (SSEA-3)1ɃǹǇğǊǦyU0GCD1055ȽɊ
ĳǊǦ1#/Ðɐ0G 20-23ɨMSC 1Ýŭ4ǮƩĳKń*3 5ǊǦ615 
OCT4, SOX2, Nanog325ýǧĳyU5ƫƜɧ1ǊǦE5 3ǥǹĳ½Ë
 10 
ǧɧǶĘȂȁǧKś%G 20, 23ɨŐɧMuseǊǦü5MSCɧ%3J+ non-Muse
ǊǦ46 5D3Ƙį63ɨī,/ɧMuseǊǦ6ɧǊǦƺŪ4DFŒă5
MSCƺŪ4Ź;ɧǊǦ5Űǧƭ3½Ë4DGɢ·ƟÉţŝĩ!HGɨ 
 ǠɌĊ4Ď%G MuseǊǦ5Éţ1#/6ɧŒ4 MuseǊǦ in vitro0Ƕ
ƫƭ4 alpha fetoproteinɥα -FPɦɊĳ5ǊǦ4½Ë%G 1ɧ>*yQ`Ĳĳ5 
ǠƐ}i4ƺŪ%G1Ǡǌǘ4ƟƲ%G 1õà!H/Gɧ 5ǊǦ
Űǧƭ3ǠǊǦ4½Ë#/G5ɧŰǧŊåÉţKƫň#/G6ŕ
0G 20, 22ɨ
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	ɨƳƾƯƭ 
  H>05BMSCƳƾ6ýħ3ǊǦɏêK(5>>ƺŪ#ȚȖ!H/*
10-15ɧ(54ß>HGýǧĳğǊǦ0GMuseǊǦ6ɧǊǦƺŪ4/D
FśÉ3·ƟÉţKƫň0G1ǝ*ɨŞƳƾ5Ưƭ6ɧpj BMSCKMuse
ǊǦ1 non-Muse ǊǦ1 2 -5ǊǦǜ4J/ɧ±Ʀ´yQ`Kơ/5 
Ĺ#* 2 Ƽɜ5ǠɌĊ}iɧĲĳǠƐ}iǠǗǓË}i4ƺŪ%G
 10ɧƺŪǊǦ5ÉţơKŕE4%G 10Gɨ 
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ɨƳƾŐŽ 
ɩɨpjMusenon-MuseǊǦ5ȕō 
 pj BMSCK RonzaƸɥBasel, SwitzerlandɦEȟ³#*ɨǊǦóɞ6Œ
õ4īɧ10%Q^Ǥ²ǽƉɥFetal bovine serum, FBS; HyClone, Logan, UTɦɧ
0.1 mg/ml UlyP^ɥInvitrogen, Carlsbad, CAɦɧ1% GlutamaxɥLife 5 
technologies, Carlsbad, CAɦKƈÈ#* Minimal essential medium eagle 
ɥa-MEM; Sigma, St Louis, MOɦ4/ 37°C, 5% CO25Èƌƞø0Ǿ,* 20, 
23 ɨ 90-100% Z  r  S  ` 4 Ȳ # * ŗ ƒ 0 0.25% 
Trypsin-ethylenediaminetetraacetic acidɥTrypsin-EDTA; Life-technologiesɦ
0ǊǦKÄɐ#ɧ1ɯ25ÅÜ0Ǒóɞ#*ɨŞĈɟ06Ǒ 8è>05ǊǦ10 
Kơ#*ɨ 
 Fluorescence-activated cell sorter ɥFACSɦơngrM  50ml K
phosphate buffered saline (PBS; Nacalai, Kyoto, Japan) 44mlɧ5% bovine 
serum albumin (BSA; Nacalai) 5 mlɧ100 mM EDTA (Nacalai) 1 ml5ǌĹ0
Ĺ#*ɨ0.25% Trypsin-EDTA0ǊǦKÄɐ#*ĪɧǊǦK 5.0×105 cells/100 15 
ml5ÅÜ4 FACSơngrM0ĸƏ#*ɨĿ SSEA-3Ŀ (1:100, Millipore, 
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Bedford, MA) K 1űĿ1#/ơ#ɧ4°C0 1ŗɃ×ı!'*ɨFACSng
rM0ƀƃ#*Īɧ2űĿ1#/ fluorescein isothiocyanate (FITC) Ůș
Ŀ rat-IgMĿɥ1:100, Jackson Immuno Research, West Grove, PAɦK 4°C
0 1 ŗɃ×ı!'*ɨťǸǋĪɧBD FACS AriaTM II cell sorter (Becton 
Dickinson, San Jose, CA) 0ȉŢÐɐKǾ,*ɨťǸKǾJ3,*ǊǦɧ25 
űĿ5?K×ı!'*ǊǦKơ/ SSEA-3 ɊĳǊǦ5YjKȍć#*ɨ
SSEA-3ɊĳǊǦKMuseǊǦɧSSEA-3ɉĳǊǦK non-MuseǊǦ1#/Ðɐ
#* 20, 23ɨ 
 
2ɨÐǊǦƄȰóɞ4DGMuseǊǦƢŠ cluster (M-cluster) 5ĦĹ 10 
 poly 2-hydroxyethyl methacrylate ɥpoly-HEMA, Sigmaɦ0Zj#* 96
QRtjKơ/ɧŒõ4ī,/ Muse ǊǦ5ÐǊǦƄȰóɞKǾ,*
20, 22, 23ɨ10% FBSɧ1% GlutamaxKƈÈ#* a-MEM0ɆƣĚȼ#*MuseǊ
Ǧnon-Muse ǊǦK(H)H 1 QR*F 1 ǊǦ5ÅÜ43GDȕō#
óɞKɂĀ#*ɨóɞɂĀĪ 1œƯ4 96QRKȈč#ÐǊǦß>HGQR15 
KƵȑ#*ɨ7œƯ4·ĢÛQRKƵȑ#MuseǊǦƢŠ clusterɥM-clusterɦ
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5ĦĹƛKǂ¼#*ɨ(H)H5M-clusterKcfɥSigmaɦZj 24Q
Rtj4ƺÊ#ņƲóɞ4ƺǾ#*ɨ  
 
3ɨćȿ PCR  
 pjMuseǊǦɥ5×104 ¡ɦɧnon-MuseǊǦɥ5×104 ¡ɦD9M-cluster5 
ɥ100 ¡ɦE´ RNA K NucleoSpin RNA XS (Macherey-Nagel, Duren, 
Germany) Kơ/Ł¼#*ɨ(H)H5´ RNA KɧSuperScript 	 
synthesis kit (Invitrogen) Kơ/ɧcDNA:1ȬȨ¸×ıKǾ,*ɨćȿPCR
6 Applied Biosystems 7500 fast real-time PCR systemɥApplied Biosystemsɧ
CarlsbadɧCAɦKơ/ɧ×ı46 Taqman Master Mix ɥApplied 10 
BiosystemsɦKơ/Ǿ,*ɨtPytsbgj6 OCT4 
(Hs00999632_g1)ɧSOX2 (Hs01053049_s1)ɧNanog (Hs04260355_g1)ɧIL-6 
(Hs00985639_m1)ɧTNF (Hs01113624_g1)ɧHGF (Hs00300159_m1)ɧTGF-α 
(Hs00608187_m1)ɧHB-EGF (Hs00182813_m1)ɧVEGF (Hs00900055_m1)ɧ
FGF-4 (Hs00999691_m1)ɧβ-actin (Hs060665_g1)K Appied BiosystemsE15 
ȟ³#ơ#*ɨid6△△CtŽ0ȉŢ#*ɨ  
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4ɨM-clusterEùŵ#*ǊǦ4Ď%G±ƦǊǦËĄ 
 M-cluster KYfZjtj0 10-14 œɃņƲóɞKǾ,*ɨ
M-clusterEǊǦùŵ#* 1KƵȑ#*Īɧ4% paraformaldehyde (PFA; 
Millipore) Kơ/ 4°C0 1ŗɃíć#ɧŒõȖŎ4ī,/±ƦǊǦËĄK5 
Ǿ,* 20, 22, 23ɨ>&ÛƼ1űĿɥĿ cytokeratin7Ŀ (CK7, 1:500, Millipore), 
Ŀ β-tubulin Ŀ  (1:1000, Convance, Richmond, CA), Ŀ alpha-smooth 
muscle actinĿ (SMA; 1:500, Thermo, Cheshire, UK), Ŀα-FPĿ (1:100, 
DAKO, Carpinteria, CA), Ŀ DLKĿ (1:500, SantaCruz, Dallas, TX), Ŀ
CK18Ŀ (1:100, Abcam, Cambridge, UK), Ŀ CK19Ŀ (1:100, Thermo)ɦ10 
4 40 over night×ı!'*ɨPBS0 3èƀƃKǾ,*Īɧ2űĿ1#
/ Cy3Ůș anti-mouse IgGĿA#6 Cy3ŮșĿ rabbit IgGĿ (1:500, 
Jackson Immuno Research) 5&HKĉƊ0ɪŗɃ×ı!'*ɨ4’, 
6-diamidino-2-phenylindole (DAPI, 1:500, Sigma)Kơ/ŧťǸKǾ,*Īɧ
µƔƒ]ɛĮɀ (C2+, Nikon, Tokyo, Japan) 0Ȉč#*ɨ 15 
 
 16 
5ɨyQ`ǠɌĊ}i5Ĺ1ǊǦƺŪɥì 1ɦ 
 ±Ʀ´yQ`0G SCID yQ`ɥCB17/Icr-Prkdc<scid>/CrlCrlj yQ`
ɥ810ȯɣɧɍɦɦK Charles river ƸɥYokohama, JapanɦEȟ³#*ɨ
ŞƳƾ6ɧšÌþĄÊƗĈɟāâ5ļȑKÙɧîƿþĄŽšÌþĄ4
GÊƗĈɟǀ4Ʉ%GȆćKȶą#/Ǿ,*ɨ 5 
 yQ`ĲĳǠƐ}i6ç÷ËƑǉ (CCl4; Wako, OsakaɧJapan) 1.5ml/kg
Kǰǭ¶ľ#Ĺ#* 7ɨCCl46TsŻɥWakoɦ0 10 ¢Ěȼ#ơ#
*ɨCCl4ǰǭ¶ľĪ 24ŗɃ5ŗƒ0pjMuseǊǦɥ2×104¡ɦɧnon-Muse
ǊǦɥ2×104¡ɦD9Zjǜ1#/Ýȿ5 PBS KēɓǩDFž³#
*ɨÛǜ 5Í&-1#*ɨ 10 
 yQ`ǠǗǓË}i6 CCl4 0.5ml/kgȯ 2èǰǭ¶ľK 8ȯɃǑǒ#
Ĺ#* 24ɨÀè CCl4ǰǭ¶ľĪ 2ɧ4ɧ6 ȯ5 3 -5ŗƒ0ɧ(H)Hpj
MuseǊǦɥ5×104¡ɦɧnon-MuseǊǦɥ5×104¡ɦD9Zjǜ1#
/Ýȿ5 PBSKēɓǩDFž³#*ɨÛǜ 10Í&-1#*ɨ 
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6ɨȰȡǧȐɟ 
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 Muse ǊǦ1 non-Muse ǊǦ5ɌĊǠ:5ȰȡǧKŹȩ%G*@ɧ24 QR
Matrigel invasion chamber (Becton Dickinson) KơɧȁȮ¯tjZ
4ƍ$/ȰȡǧȐɟKǾ,*ɨCCl4Kǰǭ¶ľ#*yQ`Eɧǰǭ¶ľ
Ī 1ŗɃɧ24ŗɃɧ48ŗɃ5ŗƒ0ǽƇ\t1ǠǌǘKŅØ#*ɨ>*Z
j1#/Ɠ»ǚyQ`EAǽƇ\t1ǠǌǘKŅØ#*ɨ5 
Invasion chamber55QR46 10ɤ5ǽƉA#6 50 mg5ǠǌǘKß
@*óð 750 mlK³H*ɨ5P\j46MuseǊǦA#6 non-Muse
ǊǦK 10ɤ FBS ƈÈ a-MEM 0Ěȼ#*ǊǦĸƏƇK 2.5×104 ǊǦ/500 ml
K³H*ɨ37°C, 5% CO25ƞø0 22ŗɃPV~vj#*Īɧǔũ0P
\j¶¨KÏ½4ŃɧƅƎ#3,*ǊǦKɈÕ#*ɨȰȡ#*ǊǦ510 
íćťǸ6 Diff-Quik kit (Sysmex, Hyogo, Japan) Kơ/ȁȮ¯tjZ
4īǾ,*ɨÛ`PkK 200¢ȇȾ0e{4 10UĺȈč#Ûş
05ȰȡǊǦŌKŹȩ#*ɨ 
 
7ɨƺŪǊǦ5yQ`¶½ęȉŢ 15 
 pjMuseǊǦɥ5×104¡ɦA#6 non-MuseǊǦɥ5×104¡ɦKƓ»ǚy
 18 
Q`D9ĲĳǠƐ}i4Ǎēɓǩƭ4ƺŪ#*ɨǊǦƺŪĪ 1 œ1 2 ȯ5
ŗƒ0(H)H5yQ`5ÛǴæɥǪɧİǴɧǢɧǠǴɧǫǴɧǳǴɧǯɧǬ
ǴɧɠɡƇɧǁǟɦEɧREDExtract-N-Amp Tissue PCR kit protocol (Sigma)
Kơ/Œõ4ī genomic DNAKŁ¼#* 25ɨ(H)H5Ǵæ4ß>HGp
j genomic DNAKćȿË%G*@ɧpjƘƥƭ4ăï%G AluȺ¿KùĜ!5 
'Gćȿ PCRKŒõ4īǾ,* 26ɨPCR×ı6 10 ml5 TaqMan Universal 
Master Mix with UNG (Applied Biosystems)ɧ900 nM5 forwardD9
reverse tPyɧ250nM 5tsɧ10ng 5\t DNA Kß@Ǖȿ
20 ml0Ǿ,*ɨ×ı6 50°C 5½, 95°C 10½5PV~vjKǾ,*Īɧ
95°C 1½ɧ58°C 1½ 72°C 1½K 45\PW5ş0Ǿ,*ɨtPy6ɧ10 
5’-CATGGTGAAACCCCGTCTCTA-3’(sense) 
5’-GGGTTCAAGCGATTCTCCTG-3’(antisense)  
TaqMan ts6 5’-FAM-ATTAGCCGGGCGTGGTGGCG-TAMRA-3’K
ơ#*. %;/5ȉŢKŹȩ%G*@ɧZj1#/ 1ng5pj genomic 
DNAKƫƜȿ 11#*ɨ 15 
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8ɨǽƇūŦ 
 ĲĳǠƐ}i06ƺŪĪ 1ɧ5ɧ9ɧ16ɧ30œ5ŗƒ0ǽƇ\tKēɓ
ǩEŅØ#*ɨǠǗǓË}i06Àè CCl4ľĪ 8ȯ5ŗƒ0ǽƇ\t
KŅØ#*ɨ 
\tK 4°Cɧ1500 g 0 15 ½Ƀȴİ#½ɐ#*ĪɧDRY-CHEM 7000V 5 
(Fuji-Film, Tokyo, Japan)Kơ/ǕǼƬȞ¤ɧAlbumin (Alb)ɧaspartate 
aminotransferase (AST)ɧalanine aminotransferase (ALT)ɧǕqq¤
KƋć#*ɨ 
 
9ɨuyjV^ST_ťǸSirius redťǸMasson-TrichromeťǸ 10 
 ǠǗǓË}i06tjZ5SkxPjɥÀè CCl4ľĪ 8 ȯɦ
0ĕŶ#*ɨ4% PFA0ȸƂíćKǾ,*Īɧŉ¼#*ǠK!E4 4% PFA4
5ŗɃPV~vj#*ɨ(5Īɧ3 mmÓ5orOǺ¾ǠǴŮŞKƍ©
#*ɨ 
 uyjV^ST_ťǸ6Ůƍƭ3ĻŽKơ/Ǿ,*ɨǠǗǓËK15 
ȏ%G*@ Sirius redťǸ1 Masson-TrichromeťǸKǾ,*ɨSirius red
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ťǸ6 Picrosirius Red Stain Kit (Polysciences, Inc, Warrington, PA)Kơ/ɧ
Masson-TrichromeťǸ6Masson-Trichrome (Muto Pure Chemicals, Tokyo)
Kơ/ȁȮ¯tjZ4ƍ$/Ǿ,*ɨ%;/5`PkKɛĮɀ0Ȉ
č#ɧǗǓËɘòKƷ% Sirius redťǸ5Ƞɘò1Masson-TrichromeťǸ5
ɒɘòK NIS elements (Nikon)Kơ/ȊƋ#*ɨÛǜ 8Í&-ȏ#ɧ(H5 
)H 200¢ȇȾ0e{4 10UĺȈč#ǗǓËɕƽ5ĝñ¤Kǂ¼#*ɨ 
 
10ɨ±ƦǌǘËĄ 
 ±ƦǌǘËĄ5*@ɧÛyQ`5ǠǴ5 8mmÓ¹ǎǺ¾`PkKƍ©#*ɨ 
 1% Sodium Dodecyl Sulfate (SDS, Nacalai) 5½4DGĿÔȝƁËKǾ,*10 
ĪɧÛ 1 űĿ1 4°C 0 overnight ×ı!'*ɨ1 űĿ6ĿpjƘƥƭ
mitochondriaĿ (1:100, Abcam) ɧĿpjƘƥƭ[_Ŀ (1:100, Abcam)
Kơ#Ŀ6 0.1% BSAƈÈ PBS0Ěȼ#*ɨ(5Īɧ2űĿ1#/ Alexa 
488ŮșĿmouse IgGĿA#6 Alexa 488ŮșĿ rabbit IgGĿ (1:500, 
Jackson Immuno Research)4ěƊ0 2ŗɃ×ı!'*ɨ 15 
 2ȽťǸ5öÜɧȌ5ş0ĿpjƘƥƭmitochondriaĿɧĿpjƘƥ
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ƭ[_ĿD9 2űĿK×ı!'*Īɧ!E4 2-@5 1űĿ1 4°C
0 overnight×ı!'*ɨ1űĿ6ĿpjƘƥƭ alpha 1-anti TrypsinĿ 
(α1-AT; 1:200, Thermo)ɧĿ human hepatocyteĿ (HepPar-1, 1:200, DAKO)ɧ
ĿpjƘƥƭ albuminĿ (1:100, Bethyl, Montgomery, TX)Kơ#*ɨĎ
ı%G 2űĿ1#/ Cy3ŮșĿ rabbit IgGĿA#6 Cy3ŮșĿmouse 5 
IgG ĿA#6 Cy3 ŮșĿ goat IgG Ŀ  (1:500, Jackson Immuno 
Research) 1ěƊ0 2 ŗɃ×ı!'*ɨDAPI 4DGŧťǸKǾ,*ĪɧµƔ
ƒ]ɛĮɀ0Ȉč#*ɨÛƼǊǦŌ5ǂ¼46 NIH ImageJ softwareK
ơ#*ɨ 
 10 
11ɨRT-PCR 
 ÛyQ`Eŉ¼#*ǠǴE RNeasy Mini Kit (QIAGEN, Valencia, CA)
Kơ/ɧǕ RNAKŁ¼ǅȁ#*ɨ(H)H5´ RNAKɧSuperScript 	 
synthesis kit (Invitrogen) Kơ/ɧcDNA:1ȬȨ¸×ıKǾ,*ɨPCR×
ı6 Ex Taq DNA polymerase (TaKaRa Bio, OtsuɧJapan)Kơ/Ǿ,*ɨ15 
ơ#*ÛƼtPyPCRş6Ȍ5ȭF0Gɨ 
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human beta-actin (annealing temperature (Tm) 55°C, 32 cycles (C)) 
sense : 5’-AGGCGGACTATGACTTAGTTGCGTTACACC-3’  
antisense : 5’-AAGTCCTCGGCCACATTGTGAACTTTG-3’ 
mouse beta-actin (Tm 55°C, 32C)  
sense : 5’-ACCCTAAGGCCAACCGTGAAAAGATGAC-3’  5 
antisense : 5’-CCGCTCGTTGCCAATAGTGATGACCT-3’ 
human albumin (Tm 54°C, 36C)  
sense : 5’-CACAAGCCCAAGGCAACAAAA-3’  
antisense : 5’-AGTGCTGTACCACTCTATTAG-3’ 
human Cytochrome P450, family1, subfamilyA, polypeptide2 (CYP1A2) (Tm 10 
58°C, 36C)  
sense : 5’-GGCACTTCGACCCTTACAAT-3’  
antisense : 5’-TTCAACCAGAGGTTCCTGTG-3’ 
human Glucose-6-phosphatase (Glc-6-Pase) (Tm 58°C, 36C)  
sense : 5’-GAAAGATAAAGCCGACCTACA-3’  15 
antisense : 5’-GCAGCAGATAAAATCCGATG-3’.  
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pjĹǠ(Clontech Laboratories, Inc, Mountain View, CA) K positive 
control1#/ơ#*ɨ 
 
12ɨFluorescence in situ hybridization (FISH) 
 MuseǊǦƺŪXtyQ`5ǠǴ5 6mmÓ¹ǎǺ¾`PkKƍ©#*ɨ5 
yQ`ƘƥƭǖǸtv1pjƘƥƭȠǸtvK ChromosomeScience 
(Sapporo, Japan)Eȟ³#*ɨȁȮ¯tjZ4ƍ$/ĈɟKǾ,*ɨ
DAPIťǸ5ĪɧµƔƒ]ɛĮɀ0Ȉč#*ɨ 
 
13ɨQR`dsghOX 10 
 pjMuseǊǦɥ5×104¡ɦD9 non-MuseǊǦɥ5×104¡ɦK 3-5ş
0óɞ#*ɨ3-5ş6(1) 10% FBSɧ1% GlutamaxKƈÈ#* α-MEM4
2.5ɤ5Ɠ»ǚyQ`ǽƉKß@*óð0 1œɃɧ(2) 10% FBSɧ1% Glutamax
KƈÈ#* α-MEM 4 2.5ɤ5ĲĳǠƐyQ`ǽƉKß@*óð0 1 œɃɧ(3) 
10% FBSɧ1% GlutamaxKƈÈ#* α-MEM4 2.5ɤ5ĲĳǠƐyQ`ǽƉK15 
ß@*óð0 3œɃɧ1#*ɨÛǊǦK 20 mM Tris-HClɧ150 mM NaClɧ1% 
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Triton X-100ɧComplete (Roche Applied Science, Penzberg, Germany)5ǌĹ
5 lysis buffer0w}_RlPa#ǼƬȞKŁ¼#*ɨ 
 QR`dsghOX6Ůƍƭ3ŐŽ4ƍ$/Ǿ,*ɨ\tK 10% 
SDS-polyacrylamide gel (PAGE) (SuperSepTM; Wako) Kơ/ɑźſÊ#Ǽ
ƬȞK½ɐ#*ɨ(5Īɧpolyvinylidene difluoride membrane (PVDF, 5 
Immobilon-P, Millipore) 4sghOX#*ɨ|s6 1% `V{z
W (Nacalai)0sgVXKǾ,*ĪɧÛ 1űĿ1 4°C0 overnight×ı!
'*ɨ  1 űĿ6Ŀ matrix metalloproteinaseɥMMPɦ2 Ŀ  (1:200, 
SantaCruz)ɧĿ MMP14 Ŀ  (1:1000, Abcam)ɧĿ tissue inhibitor of 
metalloproteinase ɥTIMPɦ1 Ŀ (1:1000, Abcam)ɧĿ TIMP2Ŀ (1:1000, 10 
Abcam)ɧĿ b-actin Ŀ (1:5000, Abcam)Kơ#*ɨ(5Ī Horse-radish 
peroxidase (HRP)ŮșĿ mouse IgG Ŀ1Ŀ rabbit IgG Ŀ  (1:5000, 
Jackson Immuno Research)1ěƊ0 1 ŗɃ×ı!'*ɨPierce Western 
Blotting Substrate Plus (Thermo)Kơ/ū¼#*ɨ 
 15 
14ɨǏȊĄƭȉŢ 
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 Xr6ĝñ¤Ůƍ¦ė0Ĺ#*ɨidȉŢ6Prism 5 (MDF Co., Ltd, 
Tokyo, Japan)Kơ/Ǿ,*ɨ2ǜɃȉŢ6 student5 tūćɧ3ǜɃ5
ȉŢ6 one-way analysis of variance (ANOVA)Kơ* Bonferroni’s multiple 
comparison test0Ǿ,*ɨ 
 5 
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ɨƳƾǎţ 
ɩɨMuseǊǦ5½Ëǧ 
 ŞĈɟ4/6pj BMSCƢŠMuseǊǦ4 3ǥǹĳ½ËǧG2
KƵȑ%G1Ýŗ4ǠǊǦǇ:5½ËǧAń-2Aŏ*4ūȋ#*ɨ
MuseǊǦ6 BMSCKóɞǑ# FACS4DF SSEA-3ɊĳǊǦ1#/Ðɐ5 
#*ɨSSEA-3ɊĳǊǦ6 BMSCs´5 1-5 %ƻĢKÒ@/*ɥì 2-Aɦɨ
SSEA-3 0Ðɐ#* Muse ǊǦ1 non-Muse ǊǦKÐǊǦƄȰóɞ#*5+ɧ 
M-clusterĦĹ5śƓKƵȑ#*ɥì 2-Bɦɨ(5ǎţMuseǊǦE6 39.3
1.22 ɤ5ÅÜ0ÐǊǦE5 M-cluster 5ĦĹȑ@EH*ɨMuse ǊǦɧ
non-MuseǊǦD9M-cluster4/ýǧĳyU0GOCT4ɧSOX2ɧ10 
Nanog5ƫƜȿKćȿ PCR0Źȩ#*1 Iɧ&H5yUA non-Muse
ǊǦDF Muse ǊǦ5ŐɢƫƜ0,*ɨ>* M-cluster 6 non-Muse ǊǦ
BMuseǊǦDFśĵ4ɢƫƜKƷ#*ɥì 2-DɦɨM-clusterKņƲóɞ#ɧ
ùŵ#*ǊǦɥì 2-Cɦ5±ƦǊǦËĄ06ɧǥǹyU0G SMAɧ¶
ǥǹyU0G CK7ɧüǥǹyU0G-tubulin 5ɊĳǊǦƷ!15 
HɧǶƫƭ4 3ǥǹĳ4½Ë%G 1Ƶȑ!H*ɥì 2-EɦɨŐɧnon-Muse
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ǊǦE6M-cluster6ĦĹ!H&ɧ3ǥǹĳ½Ë6Ƶȑ03,*ɨ 
 M-cluster EǶƫƭ4ǠǊǦǇ4½Ë%G2Aūȋ#*ɨM-cluster
Eùŵ#*ǊǦK±ƦǊǦËĄ0ūȋ%G1ǠǊǦǇ0G α-FPɧDLKɧ
CK19ɧCK18Ɋĳ5ǊǦƵȑ!H*ɥì 2-FɦɨɊĳƛ6 α -FP 0.730.15 %ɧ
DLK 0.660.09 %ɧCK19 0.70.22 %ɧCK18 0.680.23 %0,*ɥì 2-Gɦɨ5 
MuseǊǦ5ȹ6ɧǶƫƭ4ǠǊǦǇ:A½Ë%G 1Ʒ!H*ɨ 
 
ɪɨMuseD9 non-MuseǊǦ5ɌĊǌǘ4Ď%GȰȡǧ1¶½ę 
 Muse G6 non-Muse ǊǦ5ɌĊKÙ*ǠǴ4Ď%GȰȡǧKūȎ%
G*@4ɧyQ`ĲĳǠƐ}i5ǽƉD9ǠǌǘKȰȡȒĐéĂ1#/ơ10 
/ Muse D9 non-Muse ǊǦ5ȰȡǧȐɟKǾ,*ɥì 3-Aɦɨ(5ǎţɧ
§ěyQ`ǽƉ06MuseǊǦnon-MuseǊǦ1A4<1L2Ȱȡ?EH3
,*54Ď#ɧCCl4ľyQ`5ľĪ 24 ŗɃɧ48 ŗɃ5ǽƉǠǌǘ4
Ď#/6MuseǊǦnon-MuseǊǦ1A4ý5Ȱȡ?EH*ɨ (Ɠ»ǚ vs. 
24 ŗɃ: P < 0.001ɧɩŗɃ vs. 24 ŗɃ: P < 0.001ɧ24 ŗɃ vs. 48 ŗɃ: P < 15 
0.001, (ǽƉǌǘ))ɨƘ4 24 ŗɃ5ŗƒ0ǽƉǠǌǘ1A4 Muse ǊǦ5
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ȰȡÉƛ non-MuseǊǦDFAɢǏȊĄƭśĵėKȑ@*ɥP < 0.001ɦɨÝ
ŭ5ªÞ6 CCl4 ľĪ 48 ŗɃ0Aȑ@EH*ɨ 5 1E Muse ǊǦ6
non-MuseǊǦDFAśĵ4yQ`ĲĳǠƐ}i5ǽƉǠǌǘ4Ď#/Ĥ
ȰȡǧKń- 1Ʒ!H*ɨ 
 ű4CCl4ľyQ`5ēɓǩEMuseG6 non-MuseǊǦK(H)H5 
5104¡&-ľ#ɧƺŪĪ 1œ1 2ȯ5ŗƒ05¶ÊĶKȉŢ#*ɨpj
Ym{4Ƙƥƭ3AluȺ¿KŮș%GtPyKơ*ćȿPCR0ɧǪɧİɧ
ǢɧǠɧǫɧǳɧǬɧǁǟɧɠɡ4GpjYm{ AluȺ¿5ȉŢKǾ,*ɨ
ɥì 3-Bɦ§ěyQ`A CCl4ľyQ`Aɧµ4ƺŪĪ 1 œ5ŗƒ06Muse
ǊǦnon-MuseǊǦ5ǜ1A4ɧǢ4ŚAý5pj DNAƵȑ!HǢ10 
ü5Ǵæ4Ae{4ū¼!H*ɨŐɧ2ȯĪ06MuseǊǦƢŠ5pj
AluȺ¿6ɌĊKÙ*ǠǴ4ýū¼!HɌĊKÙ/3Ǵæ46<1
L2ū¼!H3,*ɨ(5Ő non-MuseǊǦ06ɌĊǠ0pj DNA5ƫƜ
Kȑ@&ɧǢü5ǌǘ4A?EH3,*ɨ 
  HE5ɪ-5ĈɟEɧMuseǊǦ46ɧǠɌĊyQ`5ǽƉǠǌǘ4×15 
ı#/Ȱȡ#ɧǽ4ľ!HG1ɌĊǠ4ɏƽ#ɁŝɃƟƲ%G1Ƙś
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5ǧÇKń- 1Ƶȑ!H*ɨ 
 
ɫɨĲĳǠƐ}i5ǊǦƺŪĈɟ 
 CCl4 Kè5?ǰǭ¶ľ#/Ĺ#*yQ`ĲĳǠƐ}i4Ď#/
MuseǊǦnon-MuseǊǦKēɓǩEƺŪ#ɧÛǜ5ȽŹŇƺɧǽƉǕq5 
q¤ɧǕǼƬ¤ɧNsz¤ɧAST¤ɧALT¤KŹȩ#*ɥì 4-Aɦɨ
(H)H5¤4-/ɧƺŪÂɧ1 œƯɧ5 œƯɧ9 œƯɧ16 œƯɧ30 œƯ
5ŗƒ0ȊƋ#*ɧȽŹŇƺ6 16 œƯ>0MuseƺŪǜ0ŚAɢªÞK
Ʒ#*ɧ30œ>0ǜɃ05śĵė6?EH3,*ɨASTALT6&H5
ǜ4/Aɧ1 œƯ46ȊƋɆƣ¤KȣGɢ¤KƷ# 9 œƯ46ŲěË%10 
G1Ǎȱ0Fɧ&H5ŗƒ4/AZjMusenon-Muse
ǊǦ5ÛǜɃ4śĵė6?EH3,*ɨǕǼƬ¤Nsz¤Ǖq
q¤6ț#*ªÞ6?EH&&H5ŗƒ4/AÛǜɃ4śĵė6?
EH3,*ɨuyjV^ST_ťǸ0Źȩ%G1ɧ30œ5ŗƒ05
Ûǜ0ŕE3ǌǘĄƭĦĶ4Ʊȳ6?EH3,*ɨ 15 
 ƺŪǊǦɌĊǠ4ƟƲ#/G2KƺŪĪ 4 ȯɃ0±ƦǌǘËĄ4
 30 
DFȏ#*ɥì 4-BɦɨĿpjƘƥƭ[_ĿKơ/ƺŪ#*pjMuse
non-MuseǊǦ5ƟƲKƵȑ#*1 Iɧnon-MuseǊǦƺŪǜ4/ƺŪǊ
Ǧ5ǠǴ¶:5Ŵă<1L2Ƶȑ03,*54Ď#/ɧMuseǊǦƺŪǜ
06ƺŪǊǦ5ƟƲƵȑ!H*ɨƘ4ǽǃ5áë4ýɊĳǊǦū¼!H
GªÞ,*ɨpjƘƥƭ[_ɊĳǊǦ/´ǊǦŌ/mm20ǊǦƟƲƛKǂ¼5 
#*1 IɧMuseƺŪǜ 1.931.43 %ɧnon-MuseƺŪǜ 0.040.08 %0
FǜɃ4ǏȊĄƭśĵėKȑ@*ɥP < 0.001ɦɥì 4-CɦɨĿpjƘƥƭ[
_Ŀ15 2 ȽťǸ0ȏ#*1 IɧƟƲ#*pj Muse ǊǦ6yQ`Ǡǌ
ǘ¶0ǠǊǦǇyU0G Alb D9 HepPar-1 KƫƜ#/G 1Ƶ
ȑ!H*ɥì 4-D, Eɦɨ 10 
  5D4ɧǽƇo|d6ǠƐE5èĭȱƻ4ǜɃ0Ʊȳ63,
*A55ɧyQ`ĲĳǠƐ}i4/pj Muse ǊǦÉƛƭ4ɌĊǠ4
ƟƲ#ǠǊǦǇyUKƫƜ%GǊǦ4½Ë%G 1Ƶȑ!H*ɨ  
 
ɬɨǠǗǓË}i5ǊǦƺŪĈɟ 15 
 ǊǦƺŪ4DGyQ`ǠǗǓË}i5ǠŰǧèĭKȏ%G*@4ǽƉǕ
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qq¤ɧNsz¤KŹȩ#*ɥì 5-A, BɦɨǠǗǓË}i06}i
Ĺ5*@ȯ 2è5 CCl4ľǍȱ5ǽƇūŦ4Ĩɖ%G*@ɧSkx
Pj05?ǽƇūŦKǾ,*ɨǕqq¤6 Muse ǊǦƺŪǜ 0.28
0.06 mg/dl1ŚA¤0Fɧnon-MuseǊǦƺŪǜ0 0.460.11 mg/dlɧPBS
ľǜ0 0.710.12 mg/dl0,*ɨ&H5ǜɃ4AǏȊĄƭśĵė?E5 
H*ɥMuseƺŪǜ vs. non-MuseƺŪǜ P < 0.01ɧMuseƺŪǜ vs. PBSľ
ǜ P < 0.001ɧnon-MuseƺŪǜ vs. PBSľǜ P < 0.001ɦɥì 5-AɦɨN
sz¤6MuseƺŪǜ0 2.980.12 g/dl1ŚAɢ¤0Fɧnon-MuseƺŪ
ǜ0 2.880.15 g/dlɧPBSľǜ0 2.680.10 g/dl0,*ɥì 5-BɦɨMuse
ƺŪǜnon-MuseƺŪǜ1A4 PBSľǜ15Ƀ4ǏȊĄƭśĵėKȑ@*10 
ɥMuseƺŪǜ vs. PBSľǜ P < 0.001ɧnon-MuseƺŪǜ vs. PBSľǜ P 
< 0.01ɦɨMuseǊǦƺŪǜ6non-MuseǊǦƺŪǜ4Ź;/Aɢ¤0,*ɧ
Ǟ5Ƀ4ǏȊĄƭśĵė6?EH3,*ɨDFɧ Muse ǊǦƺŪ6
non-Muse ǊǦƺŪDFAǠǗǓË}i4/ǠŰǧŊåÉţ4®HG 
1Ʒã!H*ɨ 15 
 Ûǜ5ǗǓËǄëKŹȩ%G*@ɧZYdPt/	KȠǸ4ťǸ%G
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Sirius redťǸ1ǲÔǗǓKɒǸ4ťǸ%GMasson-TrichromeťǸKǾ,*ɨ
Sirius redťǸMasson-TrichromeťǸ1A4 PBSľǜ4/ǗǓË4
DGŤůĦĹ?EH*54Ď#/ɧnon-MuseǊǦƺŪǜ06ǗǓË6ýĒƙ
đË#/GA55Ŵă#/*ɥì 5-C, DɦɨŐ PBS, non-Muse ǜ16ƥ
3FɧMuseǊǦƺŪǜ06ǗǓË6<1L2?EH3,*ɨSirius redťǸ5 
05Ƞɘò6 Muse ǊǦƺŪǜ 0.780.16 ɤɧnon-Muse ǊǦƺŪǜ 1.87
0.12 ɤɧPBSľǜ 2.910.40 ɤ0Fɧ&H5ǜɃA P < 0.0010ǏȊ
ĄƭśĵėKȑ@*ɥì 5-CɦɨMasson-TrichomeťǸ05ɒɘò6MuseǊǦ
ƺŪǜ 0.730.15 ɤɧnon-MuseǊǦƺŪǜ 1.110.15 ɤɧPBSľǜ 1.90
0.12 ɤ0FɧÛǜɃ4ǏȊĄƭśĵėKȑ@*ɥì 5-DɦɥMuseƺŪǜ vs. 10 
non-MuseƺŪǜ P < 0.01ɧMuseƺŪǜ vs. PBSľǜ P < 0.001ɧnon-Muse
ƺŪǜ vs. PBSľǜ P < 0.001ɦɨ&H5ťǸǎţEAMuseǊǦƺŪǜ
06ɧnon-MuseƺŪǜ1 PBSľǜ4Ź;ǠǗǓËĽÁ!H* 1Ʒ!
H*ɨ 
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ɭɨyQ`ǠǗǓË}i4GƺŪǊǦ5ƟƲD9ŰǧƭǠǊǦ:5½
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Ë 
 yQ`ǠǗǓË}i4GƺŪǊǦ5ƟƲ1½ËyU5ƫƜK±Ʀ
ǌǘËĄ0ȏ#*ɨpjƘƥƭ[_Ŀ0ȏ#*#*1 IɧĲĳǠƐ
}iÝŭɧnon-MuseǊǦƺŪǜ4Ź;MuseǊǦƺŪǜ0ýŌ5ƟƲpjǊ
ǦƵȑ!H*ɥì 6-AɦɨpjƘƥƭ[_ɊĳǊǦ/´ǊǦŌ/mm20ǊǦƟ5 
ƲƛKǂ¼#*1 Iɧ MuseǊǦƺŪǜ 5.782.39%ɧnon-MuseǊǦƺŪ
ǜ 0.270.12%0FɧǏȊĄƭśĵėKȑ@*ɥì 6-BɦɥP < 0.001ɦɨ 
 ƟƲ#* Muse ǊǦ5ǠǊǦyU5ƫƜ4-/ 2 Ƚ±ƦťǸ0ȏ#
*ɨpjƘƥƭ[_11A4ǠǊǦyU0G Alb1 HepPar-15 2Ƚ
ťǸKǾ,*1 IɧpjƘƥƭ[_ɊĳǊǦ5ȹ4 Alb ɊĳǊǦ10 
HepPar-1 ɊĳǊǦƵȑ!H*ɥì 6-C, Dɦɨ>*pjƘƥƭ mitochondria
ĿKơ/ƺŪ#*pjǊǦKŮș#!E4Ŀ1-ATĿ15 2ȽťǸKǾ
,*1 Iɧ2ȽɊĳǊǦƵȑ!H*ɥì 6-EɦɨǊǦƺŪ0ƟƲ#*pjMuse
ǊǦ5ȹ6 Alb, HepPar-1, 1-AT1,*ǠǊǦǇyUKƫƜ%G 
1Ʒ!H*ɨ>*pjƘƥƭ[_ǊǦ5+ Alb Ɋĳƛ5ÅÜ6 9.1615 
0.70 %0,*ɨ 
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 ǠǴ4/6œěƭ4 cell fusionȢ/Fɧ>*ǊǦƺŪ#*ɋ4A
ƺŪǊǦ5½Ë1DFAČ5ǠǊǦ15 cell fusionȢ ,/G1!
HG 27, 28ɨ( 0ƟƲ#* Muse ǊǦ5ČǠǊǦ15 cell fusion 4-/
FISH Kơ/ȏ#*ɥì 6-FɦɨpjťǸKȠ0Ůș%G Human probe
1yQ`ťǸKǖ0Ůș%GMouse probeKơ/ȏ#*ɨDAPI0ťǸ5 
#*ŧ¶4ǖ5^Xl1Ƞ5^Xlµ4?EHG cell fusion¬Aȑ@E
H*ɧHuman probe5^Xl5?ăï%GƟƲǊǦAū¼!H*ɨ 5 
1EƟƲ#*MuseǊǦ546ČǠǊǦ1 cell fusion%G 13½Ë
%GǊǦăï%G 1Ʒã!H*ɨ 
 pjƘƥƭ3ĹƖǠǊǦyU5ȷĂƫƜKȏ%G*@ɧÛǜ5yQ10 
`ǠEǕ RNAKŁ¼# RT-PCRKǾ,*ɨpjƘƥƭ3 Alb ɧȉŸȻǉ0
G CYP1A2, ǆŏƟ4ɄJGȻǉ0G Glc-6-Pase06ɧ&H5yU
APBSǜ1 non-MuseƺŪǜ06ȷĂƫƜ?EH3,*54Ď#ɧMuse
ǊǦƺŪǜ06ɫ-5yU%;/4/ȷĂƫƜ?EH*ɥì 6-Gɦ
29, 30ɨ 5 1EMuseǊǦ6ɌĊǠ4ƟƲ#*Ī0ǼƬÜĹȉŸ325Ű15 
ǧKś%GǊǦ4½Ë#*ÚǧĳƷã!H*ɨ 
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  
ɮɨMuseD9 non-MuseǊǦ5Ǡ·ƟǠǗǓË4ɄJGƇĳéĂ5ƠƟǧ 
 Muse ǊǦƺŪ4DFǠŰǧ5Ŋå1ǠǗǓËĽÁÉţ?EH**@ɧ
MuseǊǦ1 non-MuseǊǦ4GƐƨÁĬǠ·Ɵ4ɄJGƇĳéĂɥIL-6ɧ
TNFɧHGFɧTGF-ɧFGF-4ɧHB-EGFɧVEGFɦ5ćȿ PCRɧǗǓËĽÁ5 
ơ5GȻǉ0G MMP2ɧ14 94 MMP 5«KɅĊ%G TIMP1ɧ2
4-/5QS`dsghOXKǾ,* 31-34ɨ 
 Ǡ·Ɵ4ɄJGƇĳéĂ06 IL-6ɧHGFɧTGF-ɧHB-EGFɧVEGF 4
/ non-MuseǊǦ0MuseǊǦDFAɢƫƜƵȑ!H*ɥì 7-AɦɨIL-6ɧ
HGFɧHB-EGFɧVEGF06ǏȊĄƭśĵė?EH*ɥIL-6HGFHB-EGF 10 
P < 0.05ɧVEGF P < 0.01ɦɨTNF1 FGF-46Museɧnon-MuseǊǦ1A4ȷ
ĂƫƜ6?EH3,*ɨ 
 MMP14ɧMMP2ɧTIMP1ɧTIMP25QS`dshOX6ÛǊǦKƥ
3,*óɞş0AŹȩ#*ɨ3-5óɞş0MuseǊǦnon-MuseǊǦK
óɞ#*ĪɧǼƬȞKŁ¼#ȉŢ#*ɥì 7-BɦɨMMP14ɧMMP26MuseǊ15 
Ǧnon-Muse ǊǦ1A4ǼƬƫƜ?EH*ɨMMP2 6&H5óɞş0
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AŕE3ė6?EH3,*ɧMMP146 CCl4ľyQ`ǽƉKß@óɞ
%G1ɧnon-MuseǊǦ0ƫƜùĤ%GªÞ?EH*ɨTIMP1, TIMP26
&H5ǊǦ0AƫƜ6?EH3,*ɨ 
  HEɪ-5ĈɟǎţEƐƨÁĬǠ·Ɵ4ɄJGƇĳéĂ5ȷĂƫƜ
6 non-MuseǊǦ0ɢªÞ4G 1Ʒã!H*ɨMMP26MuseǊǦ5 
non-Muse ǊǦ0Ýǀ5ƫƜ0,*54Ď#ɧMMP14 5ǼƬƫƜ6 CCl4ľ
yQ`ǽƉ³Fóð06non-MuseǊǦ5ŐɢƫƜ%G 1J,*ɨ 
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ȅƚå 
 ǽǾƊơ5BMSC*UVl5ćƛ)ǽǾ7Ėµ$9>FON5
Ɗ
ơ$	9ȅƦũ÷čƢ'¶ƅ®5Ɵ)Š(Ə2ŜÁǺ<ÄǠ$9
'&)Ŕ(
#ƩóăŠ(Ǟ#800'ŵƁƴ;:#
9ȅȀļ
§ŗ)ƜƖƔ¨dSg(æ9ǽǾƊơżĵ(
#ȄżĵƊơ)ƜƊơ-)5 
¨6,Ƴō>g[aj)ĜÂ5ȄżĵƊơ)ƖƔ¨ǹÎ-)ŞŲkMMP9
ūś(69ƜƖƔ¨)ĜÂÐ¿: 24, 35ȅYT$4ǽǾƊơ(69ƊơŃ
ŪȄ'; ƪâǽǾƊơżĵȂautologous bone marrow infusion; ABMiȃ)
ƩóŵƁ';:#8Ȅīávǉ*17:ȄƳōƕƲŬk>g[a
j)ĜÂȄƌƗn)ƜƊơÒľǗŸ:#
9 36ȅ>g[aj10 
*Ļð¨0$*ǜ#7ȄZfgZjĜÂ)Ð¿*'
'&ȄƩóŭ(
«'ŃŪ¦ı<ǂ3#
'
 36-39ȅABMi )¦ı(ǩ#*śÊȄÕģƿ
ºƩóǁǼģƴs$	9ȅ 
y)¦ıŭ'Ɗơżĵ)m"%# BMSC4ņŮ:#
9 39, 40ȅƜŧć(
æ9 BMSC )àǼ*Ȅ`ANƣƞƜdSgȄeQT)ƜƱƳǡňdSgȄ15 
ƜƖƔ¨dSg'&00'§ŗžkƜǰádSg<Š
#ƴ;:# 10-15ȅ 
BMSC *ÝĆǿŞ¦ı<¾3#K@TD@j¦ı5ŦĎ¦ı'&
Õǵŭ'¦ıĬû:Ȅ
")ƩóàǼ4ƴ;:#
9ȅB ÍƜœ(Ǐ
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ÅƜpćƛ 527»<æǉ(ƴ;:ƩóŵƁ(
#*ȄBMSCżĵƙ
%IjTilgƙ%<ŁǒȄBMSC żĵƙ$żĵüŴĬǨ$)ƜĹƢĜÂ%
BMSC żĵ)ÝĆŸ:)(æȄǧĬuükǧĬǨƍǚü)ƜĹƢ(
rƙ$í*17:'! 41ȅAMBiºĸ BMSC(
#4ȄśĿǯ$*Ʃ
óŭ(«'ŃŪ¦ıý7:#
'
 41ȅ 5 
 BMSC*Ìm'Ɗơƙ$*'Õù'Ɗơ$ķč:9ȄBMSC)s7
ǰáƜ(ŞŲƜƊơ(¨9Ɗơ<ºß9%$:+ȄśÊģƴ
:#
9ÝĆ)ǿ
BMSC)Ɯp(æ9ƊơżĵŃŪ)¦ı<ūë
9%$9%ƚ7:9ȅ)Į}<ŏ) 3 Ơư¨Ƣ%ƪîƷƶ
Ƣ<ē"MuseƊơ$	9%|ßȄYT BMSC<MuseƊơ% non-MuseƊ10 
ơ(#`ANƜǰádSg(æ9¦ı<ǀȅ 
 $(¬m)MuseƊơ7 α -FP<¾3 3ƠưĆ)Ɗơƪūŭ(¨
9%ȄK@TD@jŒ(6!#ǿ
¦Ś$ƜƊơ`lDlǮĆƊơǃ
è:#
9%* in vitro$Ð¿:#
9 20, 22ȅxÄ)ŵƁ$*ġ(Ȅ
MuseƊơƪūŭ( 3ƠưĆ¨9%(£ȄDLKȄα -FPȄCK18ȄCK1915 
%
!ƜƊơƇ`lDl<ūś9Ɗơ(¨9%<Ÿȅ:*Ȅ
Muse ƊơŐÊŭ(ƜƊơ(¨9Ƣ¢<4"%<ěē9Ǝı$	!
ȅmĢ non-MuseƊơ(*)6'Ƣ¢*'
%ŷǂ:ȄMSC)ì
 39 
9sƠư7)Ơư<ǐ¨*MSC)s)Muse(
#)1·Ƣ$	
9%9ǚ±)ǇĠ%4mǌƎı$	9 20-22ȅ 
 Ĥ( in vivo(
#4`ANąĆƜœdSg)Ƴŋs(MuseƊơ<ďq
9%ƜƌƗ(ŞŲȄAlbǮĆƊơ(¨9%ŷǂ:#
9ȄxÄ)
àǼ$*ġ(ǰáƜ(æ9Ǚǎ´ă6,żĵü)§Ċ$ Muse Ɗơ5 
% non-MuseƊơ(ť'9´ă	9%Ĩ7('! 20ȅin vitro$ƴ!
ǙǎƢǁǼ$*ȄƜœdSg`AN)Ƴō6,ƜƌƗ)7)ǙǎL
GVg(æȄnon-MuseƊơ(Ł.MuseƊơ)/īĉ(ǿ
ǙǎƢ<ī
#
ȅ0 in vivo$)§ĊàǼ7Ȅżĵü 1ĥ$*Ȅ00'ƨ
Ã(
#MuseƊơ, non-MuseƊơ%4(YTHWbĶ:Ȅżĵ10 
ü 2ǖǨ)ĩŔ$*MuseƊơƙ$)1ǰáƜ(
#YTHWbĶ:Ȅ
MuseƊơǟđŭ(ǰáƜ(ǱƀkŞŲ#
9%Ÿ:ȅMSC(*
ǰáƜ-)ǙǎƢ	9%*{ 7Ð¿:#
9 42ȄBMSC )s$4
non-MuseƊơ(Ł.MuseƊơ*Ȅ68ǿ
ǰáƜ-)ǙǎƢkŞŲƢ<ī
#
ȅ)ġ
ųƺ*ȄƜǰádSg(æ9Ǒďq(69 Muse Ɗơ15 
żĵ)ƌƗÿkŞ¦ı)·ƢĆ<ěē94)$	!ȅ 
 ąĆƜœdSg$*żĵü 4 ǖ)ĩŔ$ Muse Ɗơ)ŞŲīĉ(Õ17
:ȄŞŲƊơ)mǢ* AlbȄHepPar-1<ūś#
ȅ)Ǝı* in vitro$
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Ÿ:MuseƊơ)4"ŘĀ$	9ȄƜƊơƇ-)¨ƢȄƜǰá§ŗƳōk
ƌƗ-)ǿ
ǙǎƢȄƍǴƤżĵü)ǰáƜ-)ǱƀkŞŲƢ%mǌ#
9ȅ
ƜĹƢ(ǩ9
:)XeclP(
#4¸ƙǨ$īĉíkmǌ¼
*17:'!Ȅ)àǼ(
# 3")°Åƚ7:ȅ1"3*Ɗơ
Ğ$	9ȅĤÐ)`AN(æ9MSCżĵàǼ$*ȄÕ)Ñ¹ 1057 1065 
¬~)Ɗơżĵ:#
 35, 40ȅMuseƊơ*ÒľǨưƇòƊơ7
FACS (68¬ǲ93ȄÝß#Ɛ$9ƊơĞ(ǫ	8ȄąĆƜ
œdSgżĵàǼ$*¸( 2104Ɗơ<żĵȄp«$	!·Ƣ
Ć4½ß$'
ȅ2"3*żĵMuseƊơ¨ĹƢŭ'ƜƊơ%'9
0$(ĩǨ9Ŕ$	9ȅĤÐ(
#4 in vivoàǼ(9MuseƊơ10 
)¸žƊơ-)¨(* 2 ǖǨŽôĂƹ$	8 20ȄŴĬǨ$Äÿ9)dS
g(
#*ĹƢĜÂ¦ı<ūę9)*Æǳ$	9%ƚ7:ȅ3"3*d
Sg)4))ØöĆ$	9ȅ)dSg*ƳŋSlPnȄ10ĥŽô$Þä
ƼȄBjU_@jT$)ƌƗÜŭ÷Ċ(4íť*17:'!ȅ)6
'ąǕ(ĹƢÄÿ<ıdSg(
#*Ȅƍǚ<68Ɗ¨Łǒ9Ă15 
ƹ	8Ȅ§ŗ(æ9ǊĒ<ƚČ9%p·Ƣ$	9ȅ0ƬĽŭƜœdS
g<ŷƂżĵàǼ<ƴ%4m")ǟđƝ$	9ȄMuseƊơżĵ*ĹƢ
ŭ'¨(68ĹƢĜÂ¦ı<ūę9%|ß#8Ȅ:(* 2 ǖǨŽô
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<Ăƹ$	8ȄƬĽŭƜœdSgżĵàǼ(
#4 Muse ƊơżĵĹƢĜ
Â¦ı<ūę9)*ǳ
%ƚ7:ȅ 
 :7)ÁǺ<ǭÔdSg<Š
#ȄƊơżĵ(69ĹƢĜÂ¦ı<ǀ
9.$	9%ƚȄƜƖƔ¨dSgżĵàǼ<ƴ!ȅƊơżĵ)¦ı
<68Ĩŷ(93(ȄÝß#Ɛ$9Ɗơ)ǫŤǦ%Ą;:9 51045 
Ɗơ<Ȅ3ÄƍǴƤŭ(żĵȅżĵ* 3Ä"ƴ!3ȄĪ4Ƹ'ƍ
ǴƤŭżĵ<ĖŠȅ)żĵàǼ$*ȄĹƢÄÿ-) Muse Ɗơ)ãq
ŷǂ:ȅYTMuseƊơżĵ(6!#Ȅ PBSƙknon-Museƙ(Ł.Ƴō
>g[ajÒ£kƳōƕZfgZjo%
!ƜĹƢĜÂ¦ı17:Ȅ
ƜƖƔ¨Ď:%*ņŮ(9ȅ0ąĆ%ºĸ( Muse Ɗơǰ10 
áƜ-Éŭ(ÕŞŲȄŞŲ Muse Ɗơ(
# AlbȄHepPar-1Ȅα 
1-AT %
!YTƜƊơ)`lDl)ūś17:Ȅ:7)śǉ*
non-Muse$*ŷǂ:'!ȅ
")ǇĠ(
#ȄǰáƜ(9ǽ
ǾƊơŢįƜƊơ* cell fusion(68÷č:4)$	9%)Ð¿:#

9ȄxÄ)ŵƁ$*Ȅcell fusionƻå:%ºĩ(Ȅcell fusion<Ǐ15 
(ŞŲ#
9MuseƊơ4ƻå: 27, 28ȅfusionĴ*ĩǨ)ƍǚ
%%4( chromosomes×;:#
%mÅ%'8 cell fusionŎé#

9·ƢĆ*	9 43ȅ Muse Ɗơ<żĵ`AN)Ɯƨ()1ȄYT
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Řťŭ' AlbȄƼŀǣƉ$	9 CYP1A2ȄƆġŞ(ǩ;9ǣƉ$	9 Glc-6-Pase
%
!ĹƢŭ'YTƜƊơ)ē"ÅÚ)ūś17:%74ȄYT
MuseƊơ)ĹƢŭ'YTƜƊơ-)ůėŭ'¨ŸÀ:9ȅ{n)Ǝı
7ȄYT Muse Ɗơ)s(*Ȅcell fusion 'ƜƊơ-)¨(68YTƜƊ
ơ(ůė¨9ƊơÛÊ9%ŸÀ:ȅ)YTƜƊơ(¨5 
 Muse Ɗơ*ȄƌƗÿŞ¦ıkƜĹƢĜÂ¦ı(ãq#
9%ƚ7
:ȅ 
 non-Muse Ɗơ*ȄĐœŨ¦ıkƜŞ¦ı(ǩ;9K@TD@jşŞƢȄ
MMP'&ƖƔ¨ĎÅÚ)ūśȄMuseƊơ684ǿ
¼(	!ȅżĵ
àǼ(
#Muse)ĢƖƔ¨Ď¦ı<õǂ3)*Ȅnon-MuseƊơ*10 
ǰáƜƨ-ǙǎkŞŲ'
)(æȄMuseƊơ* non-MuseƊơ/&)õ

K@TD@jşŞȄMMPşŞ<Ÿ'
4))ȄǧĬ(;!#ƊơǰáƜ
(ÛÊ9%%$ī¦'¦ı<ūę93%ƚ7:ȅ 
 ƜƖƔ¨dSgżĵàǼ(
# Muse Ɗơżĵ(69ƜĹƢĜÂ¦ıkƜ
ƖƔ¨Ď¦ıŸ:ȄdSgčĬǨ)ĦĬ7Ɗơżĵ< 3 Äƴ!15 
#8Ȅ)Ǝı*ÞčƜƖƔ¨)ĜÂ<Ÿ4)$*'ȄƜƖƔ¨)
uǪ'
ÒĈ)Ǫĺ(ǋř·ƢĆŸÀ:9ȅ)Ǝı*ȄàƩó(

# Muse ƊơżĵA@gNĆƜœk>gIlgĆƜǰá%
!ċĆƜ
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ǰáćƛ)ȄƜŶÓ-żƴ<uǪ9%(ãq9·ƢĆ	9%<ŸÀ
#
9ȅ non-MuseƊơżĵ$4MuseƊơżĵ(¤94))mß)ƜĹƢ
ĜÂ¦ıkƜƖƔ¨Ď¦ı<ǜč#8ȄƊơ7ń:ŋĆÅÚ)
úǷ(694)%ƚ7:ȅMuseƊơżĵ(
#ŞŲƊơ)ĹƢŭ'ƜƊ
ơ-)¨*Ÿ:4))ȄŞŲƊơĞ*Ɯƨ)'¡¹$	8Ȅ5 
non-Muse Ɗơ/%=&ŞŲ(mß)¦ı<Ÿ#
9%<ƚČ9
%ȄxÄ Muse Ɗơżĵ$ý7:¦ı("
#4ȄŞŲƊơ)ĹƢŭ'
ƜƊơ¨)1'7ȄŋĆÅÚ)úǷ4	9·ƢĆ*½ß$'
ȅ 
 çįŭ'ƩóăŠ(2#Ȅ
")ǅǺ	9ȅśÊƴ;:#
9ǽǾ
ǨưƇòƊơżĵ*Õƪâżĵ(6!#ƴ;:#
9ȅMuseƊơ*)Ǩ10 
ưƇòƊơ)Ğȁ$	8Ȅŷ$9ƊơĞ*68ǫ:9ȅxÄȄ`AN
àǼ$ý7:śǉ<YT$ś93(*Ȅ)ǤŁ(69¬ƈƽƃ
$4Ȅ107Ɗơ{n)ƊơĞĂƹ('9%ƚ7:9ȅ«'ƊơĞ<ŷ
93 Muse Ɗơ)ĖµŅkÏǻŅ<7(ĜÂ9Ăƹ	9ȅ0Ȅ
non-Muse Ɗơżĵ(
#4mß)¦ıŸ:#8ȄżĵƊơ(­3915 
MuseƊơ6, non-MuseƊơ)ƫǞ¾īŚ)Ķƾ4ĂǸ$	9ȅ 
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ȅƎǇ 
 xÄ)àǼ$ȄYT Muse Ɗơżĵ*ȄŘ(ƜƖƔ¨`ANdSg(
#
YTƜƊơ-)ůė¨(68Ȅnon-MuseƊơżĵ<nÄ9ī¦'ƜĹƢĜÂ
¦ı<ūę9%Ÿ:ȅMuseƊơ<ŇŠ9%(68MSCżĵ<
ī¦Ć)ǿ
ŃŪ(ūë9%į9%ƚ7:9ȅ Muse Ɗơ)ŁŚ5 
)ǀ5 Muse Ɗơ)ƅƶŅ)Ķƾ<ƴ
ȄƫǞ' Muse ƊơǆğŅ<ŷƂ
9%ȄƜp(æ9ŃŪ%#)ƩóăŠ(¼xü)Ǥƹ'ǅǺ$
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